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SUMMARY 

This report contains the results of tests of a full- 
scale semispan horizontal tail plane of a bomber airplane. 
The effects of fabric distortion on the aerodynamic character- 
istics of the elevator are determined by comparing the aero- 
dynamic characteristics of a fabric-covered elevator with 
those of a metal-covered elevator. In addition, the results 
of cutting holes in the balance seal, the effect of fixing 
transition, the tab effectiveness both sealed and unsealed, 
and the section drag of this tail plane are presented. 

The results of the tests show that fabric deformation 
can cause extreme changes in Stick force at high speed. At 
0.72 Mach number, the calculated stick force per unit normal 
acceleration for the fabric-covered elevator was three times 
the force for the metal-covered elevator. It is also shown 
that the tab effectiveness can be trebled by sealing the gap 
at the leading edge of the tab. 



INTRODUCTION 

The increasing speed and size of airplanes have caused 
the design of control surfaces to become extremely critical. 
At the highest speeds , because of the close balance required, 
a slight variation in the control contour can cause extreme 
changes in the control forces. 
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There have been numerous cases where flight data have 
shown the rather serious effects of fabric distortion. Refer- 
ence 1 discussed several of these cases in which very large 
stick forces that occurred in flight were found to be caused 
by fabric distortion. The qualitative effects of slight 
changes in contour, such as might be caused by fabric dis- 
tortion, are given in references 2, 3, ^- reference 2 is 
an analytical study of the stick forces that would result from 
various types of fabric distortion, and shows that fabric 
distortion" can cause extreme changes In the control character- 
istics . 

The tests discussed in this report were initiated to 
determine the effects of distortion of the fabric covering of 
the bomber elevator at high speeds. Quantitative results on 
the effect of fabric distortion by direct comparisons of the 
characteristics of a metal-covered elevator with those of a 
fabric-covered elevator are included. In addition, the 
effects of installing leak holes in the elevator balance seal, 
sealing the tab, and fixing transition on the stabilizer are 
presented. The results of measurement of the sectional drag 
coefficient of this production-type low-drag tail plane are 
also included. 

The data were obtained in the lS~foot high-speed wind 
tunnel at the Ames Aeronautical Laboratory, hoffett Field, 
Calif. 



SYMBOLS 

Standard- 1'ACA symbols and coefficients used throughout 
the report are defined as follows: 

a airplane angle of attack, degrees (angle measured from 
fuselage reference line) 

cu angle of attack of horizontal tail, degrees (zero lift 
occurred at -l.o9°) 

5 e elevator angle, degrees 

8t "tab angle, degrees 

II Mach number 
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cd 0 airfoil section drag coefficient 

Cb c elevator hinge-moment coefficient (He/qbec* 2 ) 

H e elevator hinge moment, foot-pounds 

q dynamic pressure (fpf a ), pounds per' square foot 

b e elevator span, feet 

c" root-mcan-sauare chord of elevator behind hinge 
line, feet 

CL t lift coefficient of tail 

Lt lift of tail, pounds 

S-t area of tail, square feet 

c mt pitching-moment coefficient due to tail 
[Mt/qSi*(M.A.C. )w] 



t 



moment about the center of gravity due to the tail, 
foot-pounds 



S w area of wing, square feet 

M.A.C.ti mean aerodynamic chord of horizontal tail 

K fe A*C« v mean aerodynamic chord of airplane wing 

P pressure coefficient (p - $$<)/<] 

P local static pressure, pounds per souare foot 

p free-stream static pressure, pounds per souare foot 

p critical pressure coefficient 

cr 

APPARATUS AED IETHODS 

A full-scale semispan horizontal tail plane from the 
bomber airplane was used for these tests. A stub section 
was provided so that the tunnel wall was at the position 



MR Mo. A^Llg 



corresponding to the airplane center line (fig. l). There was 
a gap of approximately 3/16 inch between the model and the 
tunnel wall, but it was found that this gap had no measurable 
effect on the elevator hinge moments. The tail plane was 
mounted upside down in the tunnel. The streamline tie rod, 
shown in figure 1, was used to increase the allowable negative 
lift loads. The model was supported by the balance frame so 
that all forces and moments could be measured by the six- 
component scale system. 

The elevator angle was controlled by an electric motor, 
and maintained at a constant setting by an automatic posi- 
tioning device. Hinge moments wore measured with a calibrated 
electric strain gage mounted on a special arm in the elevator 
control linkage . 

The general dimensions and plan view of the tail piano 
as tested are shown in figure 2. Figure 3 shows a sectional 
drawing of the stabilizer, elevator, and tab. Figure k shows 
the rib spacing in the elevator, and gives the specifications 
for the fabric covering and Its application. 



ANALYSIS OF DATA 

The data have been corrected for tunnel-wall effects. 
The correction varied across the span of the wing; however, 
a weighted-average correction to the angle of attack, equal 
to 0.89SS Gl, was added. The data also have been corrected 
for the effects of constriction on the dynamic pressure and 
Kach number. 

Wherever slopes are given in the text they refer to the 
slope through zero stabilizer angle, elevator angle , or tab 
angle , as the case may be. 

In analyzing the data, stick forces were computed for 
three Maoh numbers, tt was necessary to compute those stick 
forces for fictitious conditions, because the strength of the 
support system was such that it was not possible to attain 
stabiliser and elevator angles that would completely corre- 
spond to those of the bomber airplane at high speed. In 
order to use the data obtained to the best advantage for com- 
parative purposes, the following conditions were used in the 
calculations : 



(a) 



The stabilizer was set at 1° angle of incidence. 
(It is at 0° on the airplane. ) 



(b) The downwash at the tail was computed as being 

equal to 5.. 2 Cl w . 

(c) Tail-off pitching moments from the 17. 5-percent 

scale model of the bomber airplane tested in the 
It-foot wind tunnel were used (reference 5). 

(d) Because data at only one stabilizer angle were 

obtained at high speed during the model tests, 
no correction to bC^/oc^ for fuselage interfer- 
ence was possible. This effect would not change 
the differences between the characteristics cal- 
culated for- the fabric-covered and metal-covered 



(e) The stabilizer angle and elevator angles used for 
the comparative stick forces shown for a Mach 
number of 0.133 were obtained from tests of a 
model of the bomber airplane in the 7- by 10- 
foot wind tunnel. 

RESULTS AND DISCUSSION 

Comparison of Fabric-Covered and Me tal-Covered Elevators 

At a Mach number of 0.133 there was no noticeable 
distortion of either elevator. Figures 5 ^° $ show that, as 
would be expected, the fabric-covered and metal-covered ele- 
vators had similar aerodynamic characteristics at this low 
Ke.ch number. 

At a Mach number of 0.33, the fabric surface began to 
show slight distortions; for an elevator angle of 0° the slope 
6Che/^ a t is -0.0002 for the fabric-covered elevator and 0.0005 
for the metal-covered elevator (figs. 2(a) and S&(b)). The 
tail effectiveness dC mt /6at remains practically the same for 
the two elevators (figs. 10 (a) and 10 (b) ). The slope 
-6Che/d5 e iG about 56 percent greater for the fabric-covered 
elevator (fig. 11). The comparative stick forces in figure 12 
show a slightly greater variation of stick force with center- 
of- gravity position for the fabric-covered elevator. The 
computed stick-force variation with indicated acceleration is 
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the same for both elevators (fig. 13). It is to be noted in 
both figures 12 and 13 that the principal effect of fabric 
distortion at this speed would be to change the airplane trim. 

The deformations of the fabric-covered and metal- 
covered elevators at 0.72 Mach number are shown in figures 14 
and 15. These figures show that the fabric was distorted to 
a concave shape on both the upper and lower surfaces, as was 
true under all conditions tested. In figure 15 it is seen 
that the metal surface was slightly distorted, so that its 
characteristics are not those of a rigid surface. From these 
pictures it should be recognized that the differences shown 
in comparing the fabric surface with the metal surface are not 
as large as the differences between the fabric-covered elevator 
and a rigid-surface elevator. 

At O.72 Mach number an extremely large change is 
effected in the comparative aerodynamic cha.racteris tics of the 
fabric— covered and metal-covered elevators. Although the data 
at 0,72 Mach number were limited by the model strength, the 
lar^re differences are clearly evident (fi^s. l6 to 22). In 
figures 16(a) and 16(b), 6Ch 3 /6at is 0,0020 for the metal- 
covered elevator and -0.0010 for the fabric-covered elevator. 
Tho curves of 6Ch e /dat for the metal-covered elevator have 
a discontinuity between -2° and -2.5° angle of attach, which 
is probably due to separation- caused by supercritical spccd.s. 
Figure 17 shows an extreme difference in SCh 0 /d8e- This 
slope is -0.0033 for the fabric surface and -0.0005 for the 
metal surface. The smell value of -cCh G /65 e for the metal- 
covered elevator at O.72 Ilach number (fig. 17 ) was determined 
from a very limited amount of da ts . Since the elevator- 
profile has but slight effect on -dCh 0 /b^ 0 at large ele- 
vator angles, this slope would, probably assume a value similar 
to that for the fabric-covered elevator at larger negative and 
positive elevator angles. Figures 13(a) and 15(b) show that 
the tail effectiveness ^C n: ^/oa t remains the same for both 
elevators. The effect of the distortion of the fabric surface 
on the various parameters is to be expected, and probably 
could be predicted if the exact distortion were known 
(references 2 and 3), 

Sticl: forces computed for O.72 Ilach number are presented 
in figures 19(a) and 19(b). The sticl: force per g is bO 
pounds for the fabric-covered, elevator and. only 20 pounds for 
the metal-covered elevator. The results show that it would be 
impossible to predict control forces accurately from model 
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data, if the airplane has control surfaces that distort. 

Because of the Importance of the trailing-edge angle in 
determining elevator characteristics (references 3 and 6), it 
is believed that if the aft 5 or 10 percent of the elevator 
were made of metal and the surface vented at the trailing edge, 
the stick forces would more nearly compare with results pre- 
dieted from tests of rigid control surfaces. 

Figures 20 and 21 show the pressure distribution over 
the lower surface of the stabilizer at 0.33 and 0.72 Maeh 
numbers . In figure 21(b) a slight difference in the pressures 
near the peal: is noted, the stabilizer with the fabric-covered 
elevator having slightly higher local velocities. Pressures 
over the elevator were not measured; however, balance-well 
pressures were measured, and it is shown in figure 22 that 
the balancing hinge moments computed from the balance-well 
pressures are not appreciably affected by the elevator contour 
changes. Therefore, the large changes in elevator hinge 
moments are almost entirely due to the changes aft of the 
elevator hinge line. 

Figures 23(a), 23(b), 2k , and 25 show the condition of 
the fabric surface before and after running at high speed. 
The looseness of the fabric after a run at high speed 
depended on humidity, temperature, and length of time at 
high-speed conditions. Under static conditions the fabric 
gradually became taut again. 



Effects of Lealc Holes in the Balance Seal 

Sixteen holes, 1-1 /l 6 inches in diameter, were cut in 
the balance seal, as noted in figure 3. The effects of these 
openings are presented in figures 26 to 52. The slope 
-dC} le /dat was not changed by the leak holes, but the slope 
~dCh e /&§e was about doubled. The calculated stich force 
per g at 0.33 Mach number for sea-level conditions is about 
13 pounds with the sealed balance and cabout 2b pounds with 
the holes in the seal. In general, the stick-force gradients 
arc about doubled when the leak holes are placed in the 
balance seal. 
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Tab Effectiveness 

The tab effectiveness ~6Ch Q /d5t is about 0.0035 at 
both 0.135 and 0.33 Mach numbers Tfigs. 33 and 3%). At 0.72 
Kach number the effectiveness drops off slightly to 0.0025 
(fig. 55). In order to increase the tab effectiveness, the 
gap at the leading edge of the tab was sealed as indicated in 
figure 3. The effectiveness at 0.~J2 Mach number increased to 
about 0,0072 (fir. 35) . At sea level and O.72 Mach number the 
stick force per degree tab angle is about 4-2 pounds for the 
unsealed tab and about 110 pounds for the sealed, "tab. The 
stick forces per degree tab angle at 20,000 feet altitude are 
lo pounds for the unsealed tab and about 56 pounds for the 
sealed tab (fig. 3b) . Data at 0. 72 Mach number were taken at 
only two tab angles (±1°) and were taken as near the same time 
as possible so that the fabric tautness would be constant. 



Effect of Fixed Transition 

The breaks in 6Ch 0 /6at; and dCy^/dat, noted in figures 
5(a) and 6(a), were believed to be caused by a sudden forward 
movement of the transition point. Transition was fixed at 20 
percent chord by means of a strip of carborundum in order to 
investigate this effect, and the results arc shown in figures 
37 and 3o. These results show that there were no breaks in 
the curves (fig. 32) when the transition point was fixed, 
hence the breaks that occurred when the point of transition 
was not fixed were probably caused, by a forward movement cf 
the transition point. Figure 39 shows that, at an elevator 
angle of -20°, the pressure distribution on the stabilizer 
with the fabric-covered elevator changes from a favorable 
gradient at Ij- 0 angle of attack to an unfavorable gradient at 
_l|_o # Transition would be expected to occur at about 0° or at 
a slightly more negative angle, which would agree with the 
transition breaks noted on the curves (firs. 37 and 36). The 
breaks noted in these data are probably not as sharp on the 
airplane due to the interference of the fuselage. The 
turbulence level of the l6-f oot wind tunnel is very low, and 
probably the effective Reynolds number in the tunnel closely 
approximates that at the tail of the airplane in free air,, 



Section Drag 

The section drag of the bomber horizontal tail was 
measured by the momentum method, and the results are presented 
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in figures k-0 and The surface was not prepared specially, 

except that all obvious rough spots wore lightly sanded. A 
two-dimensional smooth model of this stabilizer and elevator 
was tested in the Langloy two-dimensional wind tunnel, where 
the lowest section drag obtained was about 0. 00*1-5 • Compared 
to tnis value , the production tail plane in the le-foot high- 
speed. Wind tunnel at the Ames Laboratory had a minimum section 
drag of about O.OO52 at one station. The momentum-drag meas- 
urements are of nuest ion able accuracy because of the spanwisc 
flow on the three-dimensional body. 



CONCLUDING REMARKS 

At O.JZ ilaeh number, the stick force per unit normal 
acceleration calculated from the test results for the fabric- 
covered elevator was three times the force for the metal- 
covered elevator. This large difference indicates serious 
aerodynamic design difficulties if fabric-covered elevators 
are used. 

The metal covering also distorted slirhtiy (fig, 15(b)); 
therefore, when designing this type of surface the distortion 
must be considered. 

It is indicated that % at the two tab angles tested, 
sealing the gap at the leading edge of the tab triples the 
tab effectiveness. 



Ames Aeronautical Laboratory ^ 

National Advisory Committee for Aeronautics, 
hoffett Field, Calif. 
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Figure 1.- A full-scale semispan horizontal tail for the 
bomber airplane in the 16-foot wind tunnel. 
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Figure 14.- The bomber stabilizer with the fabric-covered 
elevator. M, O.72; c^, -3°; 5 e , 0°. 




Figure 15.- The bomber stabilizer with the metal-covered 
elevator. M, O.72; a t , -3°; 8 e , 0°. 
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Figure 23.- The static condition of the bomber stabilizer and 
fabric-covered elevator before running at high speed. 
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Figure 24.- The static condition of the bomber stabiliser 
and fabric-covered elevator, after running at high speed. 
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Figure 25.- The static condition o^ the bomber fabri c- covered 
elevator, after running at high speed. 
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